Miliaria and Anhidrosis II. The Relationships between Miliaria and Anhidrosis in Man**From the Dermatology Research Program, U.S. Army Medical Research Unit, Presidio of San Francisco, California 94129; and the Division of Dermatology, Department of Medicine, University of California School of Medicine, San Francisco, California. by Griffin, Tommy B. et al.
THE JOURNAL 01' INVESTIGATIVE DERMATOLOGY
Copyright 1957 by The Wihisms & Wilkins Co.
MILIARIA AND ANHIDROSIS
Vol. 49, No. 4
Printed in U.S.A.
II. THE RELATIONSHIPS BETWEEN MILIARIA AND ANHIDEOSIS IN MAN*
TOMMY B. GRIFFIN, CAPTAIN, MC,* HOWARD I. MAILBACH, M.D. AND
MARION B. SULZBERGER, MD.
Ever since the investigations of Robinson
(1), Pollitzer (2) and Schlachta (3), it has
been accepted that all forms of miiaria are
associated With occlusion of the outlets of the
eccrine sweat glands followed by an inability
of the affected gland to deliver sweat to the sur-
face. This occlusion results in reduction (hy-
pohidrosis) or absence (anhidrosis) of sweat
on the skin surface. (Orcntreich, Berger and
Aucrbach (4) noted anhidrosis to persist 14
days following the application of a 1.5 inch
square of plastic wrap to the midback for a
period of 6 days. In their study they did not
use a heat stress and did not mention the ap-
pearance of miliaria.) To our knowledge,
there are no systematic studies of the rela-
tionship of anhidrosis to the severity of mil-
iaria, nor has the duration or degree of an-
hidrosis been determined following miliaria
produced over relatively large skin areas.
METHOD
Fifty-one apparently healthy Caucasian soldiers
on active duty were used as volunteers. Their ages
ranged from 18 to 30, the average age being 25.
No subject was used twice. Men with a prior his-
tory of miliaria or with active skin disease, other
than minimal acne, were excluded. The volunteers
were instructed to bathe with an ordinary standard
brand of soap containing no added antibacterial
agent' for a period of 7 days before the initiation
of the experimental procedure. Miliaria rubra was
produced by the technique of Sulzherger, Griffin
and Wiley (5). The side to he wrapped was se-
lected at random. A double thickness of occlusive
plastic wrapping2 was draped over the volunteer's
shoulder, and the lateral edges were brought to-
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1 Ivory Soap, Procter and Gamble, Cincinatti,
Ohio.
2 Saran Wrap, Dow-Corning Chemicals, Midland,
Michigan.
gether in the mid-axillary line and held in place
by flexible plastic tape.2 The occlusive wrap cov-
ered one-half of the entire torso and extended from
the spine to the midline of the chest and abdomen
and extended to just below the waist. The edges
of the wrap were trimmed to fit at the axilla,
shoulder and waist, and the entire wrap was rein-
forced with flexible tape and molded to conform
to the volunteer's body. No tape was applied di-
rectly to the skin. (Fig. 1) The volunteer's T-shirt
was then put on in normal fashion, and the T-shirt
was reinforced with plastic tape over the side of
the occlusive wrapping.
After wrapping, the volunteer was returned to
normal duty except for the avoidance of strenuous
physical activity. He was instructed not to bathe
his torso or to shower during the test period. The
wrap was left in place for 48 consecutive hours.
Immediately following unwrapping, the volunteer
was subjected to a heat stress of 120° F and 40%
relative humidity for 15 minutes in a controlled
environmental room.5
The presence of miliaria rubra was histologically
confirmed by serial section examination of repre-
sentative biopsies.
The duration, distribution and degree of anhi-
drosis was evaluated by three methods: 1) by
clinical observation, 2) by a dry heat and brom-
phenol blue indicator powder technique (6, 7) and
3) by the use of the Gordon and Maibach modifi-
cation of the Bollard-type sudorometer (8, 9).
Clinical observations were made on all volunteers
throughout the experiment.
For the purpose of bromphenol blue and sudo-
rometer testing the volunteers were randomly di-
vided into three groups. Group I and Group II
were tested by the bromphenol blue method. The
procedure is carried out in a room whose ambient
temperature is maintained at 70° to 75° F and
whose relative humidity remains between 40%
and 50%. The volunteer hes prone on a large
table which has been covered with a blanket and
sheet. Bromphenol blue indicator powder, a pow-
der which turns deep blue in the presence of the
water in sweat, is applied in a thin, even layer,
symmetrically over both the test and the control
sides of the volunteer's back. An ordinary hospital
heat cradle is placed over the back and is covered
by a sheet. Except for the head and neck, a blan-
ket is used to cover the portions of the subject's
body not under the heat cradle. Heating is con-
2Blenderm Tape, Minnesota Mining and Manu-
facturing Co., St. Paul, Minnesota.
Instrument Company, Melrose Park,
Illinois.
379
380 THE JOUENAL OF INVESTIGATIVE DEEMATOLOGY
tinued for thirty minutes or until the subject is
vigorously sweating in the control areas.
Group I consisted of 12 volunteers. These men
were tested prior to being wrapped, and were re-
tested one, 7, 14, 21, and 28 days after having the
wrap removed. Four volunteers were tested 35 days
after and one was tested 42 days after removal of
the occlusive wrap. All but two volunteers wore
followed weekly until the sweating on the wrapped
side had returned to its prewrapped state. Pho-
tography was used to record each test result. (See
Figures 2—6.)
Group II consisted of 9 volunteers who were
tested only once (to obviate the possible modify-
ing effect of the multiple heat exposures required
by the repeated testing in Group I). Three volun-
teers were tested at 21 days, one at 28 days, two at
35 days and three at 42 days.
Volunteers in Group III were tested by the
method of Gordon and Maibach (9). A 9.6 cm2
area in the mid-portion of the skin test site and
a corresponding site on the control side (Fig. 1)
is completely covered by a cup device which has
an air inlet and outlet. Room air is blown over the
covered test sites at a rate of 500 ml per minute.
The relative humidity of the effluent air is meas-
ured and a base line is established; this includes
any insensible water loss. The test sites arc then
injected intracutaneously with 0.1 ml of a 1:1000
solution of methacholine chloride to induce sweat-
ing. Changes in relative humidity arc then meas-
ured every minute for fifteen minutes and the
maximum reached is recorded. Sweating is then
estimated by the rise in the percentage relativo
humidity over the base line. These figures can be
converted to milliliters of sweat per square centi-
meter skin surface per minute.
Group III originally consisted of 30 volunteers
of which 2 could not be followed to the comple-
tion of the experiment. The 28 remaining volun-
teers were tested prior to wrapping and again on
one, 7, 14, 21, 24 or 25 and 28 days after removal
of the wrap. Two of the volunteers were tested at
35 days and 2 at 42 days after unwrapping.
The experimental miliaria rubra produced was
arbitrarily classified according to severity, as fol-
lows: Grade I—No crythema and scattered papules
visible only on close examination; Grade TI—
Scattered patches of crythema with concomitant
scattered papulcs; Grade ITT—Diffuse confluent
papular eruption on a solid erythcmatous back-
ground; Grade TV—Grade III eruption with the
addition of scattered vesicles and nonfollicular
pustules. In all subjects, examinations of the se-
verity of the rash, bromphenol blue test compari-
sons and sudoromctcr testing were confined to the
middle third of the back as illustrated by the
shaded areas in Figure 1. This was necessary as
incomplete occlusion occurs over the shoulder and
around the margins of the wraps resulting in con-
siderable variation in the degree of miliaria and
subsequent anhidrosis. (See Figures 3—5.)
EEST.TLTS
Of the 48 volunteers tested, 2 developed
Grade I, 23 developed Grade TI, 22 developed
Grade TII and one developed Grade TV miliari
rubra.
The results of Group I testing arc given in
Table I. Tnitially, methods were devised for
counting and estimating the number and ac-
tivity of glands in a given area; hoiv-
ever, because the sudorometcr technique was
much more accurate, the bromphcnol blue
method was used only to determine variations
in the distribution of anhidrosis and to esti-
mate the degree and duration of anhidrosis rel-
ative to the grade and distribution of the
experimental miliaria. Estimates of the jer-
ccntage of depression of sweating were made by
the same observer on all men. They were
based on the amount of sweating observed on
the occluded side compared with the amount
on the control side and were also based on the
size of the area of involvement compared with
the size shown on photographs and drawings
made during previous tests.
An example of the pattern of anhidrosis ob-
served on a subject in Group I with Grade III
miliaria rubra is illustrated by Figures 2
through 6, photographs of the same volunteer
prior to wrapping (Figure 2), and one, 7, 14,
and 21 days following the removal of the
TABLE T
Mean difference in percentage of sweat depression between wrapped side and control side in
volnnteers of Groap I
nays after Unwrapping 1 7 14 21 28
Mean percentage of de- Grade II miliaria
pression of sweating
for volunteers with: Grade ITT miliaria
60% (2)* 72% (5) 24% (3) 0% (3) 0% (3)
92% (6) 92% (6) 57% (6)
—
30% (5) 0% (5)
* Numbers in parentheses indicate number of volunteers tested.
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wrap (Figures 3 through 6 respectively).
Testing prior to occlusive wrapping is neces-
sary to be sure of the equality of the sweating
of the test and control sides, as asymmetrical
sweating has been reported to occur in 20% of
individuals (10). Only one of twelve volunteers
in Group I had to be dropped because of
asymmetrical sweating. It is apparent from
Figure 2 that equal sweating was present on
both sides prior to tbe occlusive wrapping of
the left side. At one day, 7 days and 14 days
after unwrapping, striking anhidrosis is evi-
dent in the failure of the indicator powder to
darken (Fig. 3—5). The estimated percentage
sweat depression compared with the control
side was 100%, 100% and 90% on days 1, 7,
and 14 respectively. An estimated 95% recov-
ery had taken place by day 21 and by day 28
the sweating pattern had returned to the pre-
wrapped state.
It is noteworthy that in Group I the degree
and duration of anhidrosis varied directly
with the degree of miliaria. Anhidrosis was
observed to be due both to a reduction in the
total number of non-occluded glands and ap-
parently also to a decrease in the volume of
sweat delivered to the surface from glands not
completely occluded. This is evident in the ob-
servation that on the first day after unwrap-
ping, scattered pinpoint blue dots are present
in the anhidrotie area averaging 15 to 25 dots
per em2 compared to 60 to 120 large confluent
dots per em2 on the control side.5 As recovery
occurs both the number of dots and their size
increase until, with complete recovery, they
reach that of the control side. The presence of
the pinpoint blue dots also indicates that ab-
solute anhidrosis did not occur in any of our
volunteers. This is confirmed by the more
sensitive sudorometer tests (See below).
Within the first week recovery began at the
periphery of the occluded area and progressed
eentripetally. Recovery in the centrally
situated test site, however, usually occurred
abruptly, covering the entire test site within
a one week period. This was particularly ap-
parent in the volunteers with Grade III mili-
aria. (See Figures 5 and 6.)
The results of Group II (i.e. those tested
Values are the mean of 10 separate eountings of
1 em2 areas done prior to the onset of maximum
sweating.
Fm. 1: Artist's drawing of a volunteer's back
illustrating: A) Occluded side with plastic wrap in
position, and B) Control side. The shaded areas
designate the sites used for bromphenol blue test
comparisons and sudorometer testing. Tho un-
shaded portion under the plastic wrap designates
the area of incomplete occlusion resulting in varia-
ble mibaria production. (See also Figures 3—5.)
with bromphenol blue only once) support the
findings in Group I (i.e. those tested with
bromphenol blue repeatedly). At 21 days one
volunteer showed no depression of sweating
and two showed 90% and 100% depression in
the test site. On retesting at 28 days these
latter two had recovered, showing no depres-
sion of sweating. No depression of sweating
was observed in any volunteer of this group
after 21 days.
It must be pointed out that 5 of the 11
volunteers in Group I developed moderate by-
pohidrosis over 10% to 15% of the lateral
flank area of the control side. This hypohidro-
sis began on days 7 or 14 and cleared by days
21 or 28. (See Figures 5 and 6.) Since this hy-
pohidrosis was not observed in any of the
Group II volunteers who were heated and
tested only once each, it may have been due
to the repeated heat cradle testing.
The results of the sudorometer testing are
summarized in Tables II and III and are
graphically represented in Figure 7. There was
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a significant, positive correlation of the grade
of experimental miliaria with the duration
and the severity of the observed hypohidrosis.
The mean percentage depression in sweating
of the test side as compared to the control side
was highest seven days after unwrapping, be-
ing 78% in those voluteers with Grade III
miliaria. The maximum depression observed
in any one individual was 91%. Recovery be-
gan after the seventh day and was completed
between 21 and 24 days in those with Grade III
miliaria. The two volunteers who developed
Grade I miliaria showed only 31% depression
of sweating one day after unwrapping and 8%
depression on day seven.
The means of the depression of sweating as
measured by sudorometer testing increased 7%
and 13% between day one and day seven for
volunteers having Grade II and Grade III mu-
iaria respectively. The explanation for this
phenomena is not known, but it may possibly
be due to increased mitotie activity resulting
in parakeratotic plugging of sweat pores
which were only partially occluded one day
after unwrapping.
COMMENTS
We have shown that miliaria rubra of vari-
ous degrees of severity is produced when oc-
clusive plastic wrapping is applied to one
half of a man's back for a period of two days.
This miliaria becomes more extensive and
apparent when heat stress is applied. There
seemed to be no correlation between the
severity of the miliaria and the degree of pig-
mentation of the volunteer's skin. (No Ne-
groes were included in our study.) Hypohi-
drosis regularly followed the miliaria and
both the duration and severity were directly
related to the severity of the miliaria. By
sudorometer testing the maximum mean de-
pression of sweating we observed occurred
seven days after removing the occlusive wrap-
ping. However, when tested by the bromphenol
blue method, striking widespread hypohidro-
sis was observed in several volunteers for 14
days and in three volunteers for 21 days fol-
lowing the removal of the wrapping. Although
the mean percentage decrease in sweating
demonstrated by the sudorometer on day 21
was 31%, five out of nine with Grade III
miliaria had depressions of 54%, 44%, 45%,
Fie. 2. Bromphenol blue test on volunteer's back
one week prior to occlusive wrapping. Note the
symmetrical sweating as demonstrated by the dark
coloration of the dye.
46% and 48% respectively. Thus in severe cases
sweat depression of almost 50% may be present
three weeks after a single bout of miliaria. It
is our opinion that this hypohidrosis is a re-
sult both of the total number of sweat glands
occluded and the degree of occlusion of in-
dividual glands.
The epidermal turnover time in man is
known to be 28 days (11) including a turnover
time of the stratum corneum estimated to be
approximately 14 days. The major recovery
period observed in this study fell between 7
and 21 days. On histologic examination para-
keratotic plugs are observed to form and ex-
tend deep in the epidermal sweat duet unit.
With time these plugs are more and more
superficially located until a point is reached
where they no longer appear to be occluding
the sweat pore (12). Thus it seems that the
epidermal sweat duct unit may be replacing
itself at the same rate as the remainder of the
epidermis. The recovery occurs when the plug
is loosened or "pushed out" of the sweat pore
thus allowing the delivery of sweat. Variabil-
ity in the rate of recovery is readily ex-
plained by an initial variability in the depth
to which the plug extends. (The actual and
' .&s_.
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Fro. 3. Bromphenol blue test, one day after removal of the occlusive wrapping from the
left side. Note the anhidrosis on the left (areas in which the powder remains white).
Fro. 4. Bromphenol blue test, seven days after removal of the occlusive wrapping from
the left side. Note the persistence of the anhidrosis on the left.
FIG. 5. Bromphenol blue test, 14 days after removal of the occlusive wrapping. Note the
persistence of anhidrosis. Early signs of recovery are evident in the increased number of
blue dots. Slight hypohidrosis is present in the right lateral flank.
Fro. 6. Bromphenol blue test, 21 days after removal of the occlusive wrapping. Re-
covery is 05% complete in the test area. Complete recovery was observed on day 28 with
a return to the appearance of that seen in Figure 2.
_____________
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TABLE II
Group III volunteers with Grade II miliaria
Means of percentage rise in relative humidity on sudorometer testing; and mean difference in percent-
age of rise on wrapped side and control side by days after unwrapping.
Days after unwrapping 1 7 14 21 24, 25 28
Mean percentage rise of Control side
relative humidity
above base line Wrapped side
31.8 (12)t 27.6 (9) 25.0 (6) 22.9 (6) 29.3 (5) 25.5 (9)
10.8 8.1 16.7 22.8 28.3 25.6
Difference in means 21.0 19.5 8.3 0.1 1.0 (—) 0.1
Pvalues* 0.001 0.01 0.05 0.90 0.60 0.90
* P gives probability of this size difference occurring by chance.
t Numbers in parentheses indicate number of volunteers tested.
TABLE III
Group III volunteers with grade III maliaria
Means of percentage rise in relative humidity on sudorometer testing; and mean differences in per-
centage of rise on wrapped side and control side by days after unwrapping.
Days after unwrapping 1 7 14 21 24, 25 28
Mean percentage rise Control side
of relative humidity
above base line Wrappedside
22.9 (11)t
————
23.0 (11) 22.1 (11) 24.5 (9) 26.5 (5) 28.5 (12)
7.0 5.0 9.8 17.0 23.4 26.3
Difference in means 15.9 18.0 12.3 7.5 3.1 2.2
P values5 0.001 0.001 0.01 0.02 0.50 0.10
* P gives probability of this size difference occurring by chance.
f Numbers in parentheses indicate number of volunteers tested.
primary local event which initiates the mil-
iaria remains controversial.)
The technique utilized in this study offers
the considerable advantage of having each
volunteer serve as his own control. It also en-
ables the investigator to reproduce over wide
portions of a man's body-surface a micro-en-
vironment simulating that which occurs in the
tropics and to study in depth the effects of this
environment.
SUMMARY
1. Experimental miliaria was created on
one-half of the back of each of 48 Caucasian
male volunteers by two days of occlusive plas-
tic wrapping followed by 15 minutes of heat
stress. The opposite side of each back was used
as a control.
2. Hypohidrosis followed the miliaria and
was evaluated by a bromphenol blue powder
indicator technique and by sudorometer test-
ing.
3. The severity and duration of hypohidrosis
observed varied directly with the severity of
the experimental miliaria.
4. The maximum observed mean depression
of sweating occurred seven days following the
removal of the occlusive wrapping, reaching
78%. Recovery began between days 7 and 14
after unwrapping, the mean depression of
sweating still being 56% at 14 days.
5. Striking clinical depression of sweating
was observed in three volunteers when tested
by the bromphenol blue method 21 days after
unwrapping. A substantial degree of hypo-
hidrosis can thus last up to 21 days following
one attack of experimental miliaria rubra.
CI
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6. The possible relationship to epidermal
turnover time is discussed.
7. The technique employed in this study
allows the investigator to produce over wide
portions of a man's body-surface a micro-en-
vironment simulating that which occurs in the
tropics and to study in depth the effects of
this environment.
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Fm. 7. Group III. Sudorometer testing giving mean percentage decrease in sweating of
wrapped side compared with control side* for volunteers with Grades I, II and III miliaria
rubra. The bar graphs denote the values on each day of testing after removal of the
occlusive wrapping.
